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Running title: TWISTED DWARF1 controls cell elongation 
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Supporting Figures  
 
Supporting Figure S1: HA-TWD1-Ct rosettes are bushier than Wt (Col Wt), twd1 
(twd1-3) or HA-TWD1 grown for 40 dag under 8h light caused by an elevated 
number of rosette leaves. See Supporting Table S2 online for quantification. 
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Supporting Figure S2: Light fluence-dependency of root (A-B) and hypocotyl 
length (C-D) of wild-type (Col0), twd1 (twd1-3), HA-TWD1 or HA-TWD1-Ct lines 
under short-day (8h light) and long-day (16h light) conditions. Note inverse 
behavior of twd1 roots hypocotyls under dark conditions, respectively, and conversion of 
long primary roots into short roots by light. Mean ± SE; n = 4. 
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Supporting Figure S3: Seed size and circularity of TWD1 and ABCB mutant 
alleles. Seed size and circularity was determined after imbibing water for 3 days; mean 
± SE; n = 3 Significant differences (ANOVA using the Tukey’s test for multiple 
comparisons: p < 0.05) to Wt are indicated by an asterisk. 
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Supporting 
Figure S4: TWD1 inhibits ABCB1-mediated IAA efflux but not of synthetic auxin, 
NAA, or of specificity control, benzoic acid (BA) from the yeast, S. cerevisiae. 
Mean ± SE; n = 4-10. Significant differences (ANOVA using the Tukey’s test for multiple 
comparisons: p < 0.05) -/+ TWD1 is indicated by an asterisk. 
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Supporting Figure S5: Basipetal transport of IAA in TWD1 loss- and gain-of-
function stems. 
(A) Basipetal IAA transport of wild type (Col Wt), twd1-3, HA-TWD1 and HA-TWD1-Ct 
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stems. Mean ± SE; n >12. Note different behavior between apical (shoot-ward) and 
basal (root-ward) stem ends; sections 15-20 mm are presented in Fig. 5A. 
(B) Heat-map presentation of ABCB1, B19, TWD1 and PIN1-7 expression in 40 day 
Arabidopsis plants are taken from eFP (www.bar.utoronto.ca/efp/development). 
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Supporting Figure S6: Pulse-chase transport of IAA in TWD1 loss- and gain-of-
function stems. 
Basipetal IAA transport of wild type (Col Wt), twd1-3, HA-TWD1 and HA-TWD1-Ct 
stems after a pulse of cold IAA (1000 x excess). Mean ± SE; n = 12. 
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Supporting Figure S7: Separation of TWD1 gain-of-function microsomes using 
discontinuous sucrose gradient centrifugation. 
HA-TWD1 and HA-TWD1-Ct detected by using anti-TWD1 and anti-HA co-migrate with 
PM markers, H+-ATPase and PIP, in linear sucrose gradients (red asterisks). Note 
partial overlap between HA-TWD1 and vacuolar marker, V-PPase (green asterisks) and 
ER marker, BIP (blue asterisks). 
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Supplemental Tables 
Supporting Table 1: Phenotypic analysis of wild-type (Col Wt), twd1-3, HA-TWD1 
and HA-TWD1-Ct plants grown under long-day (16h light) and short-day (8h light) 
conditions until growth stage 1 (Boyes et al., 2001). nd; not determined. 
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Supporting Table 2: Phenotypic analysis of wild type (Col Wt), twd1-3, HA-TWD1 
and HA-TWD1-Ct plants grown under long-day (16h light) and short-day (8h light) 
conditions starting with growth stage 1 (Boyes et al., 2001). nd; not determined.
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Supporting Table 3: Summary of morphological and physiological parameters 
measured in this study. 
 
 
1 Short day conditions. 
2 Discrepancy between stem PAT and free IAA quantification might be caused by technical limitations 
during PAT measurements of twd1-3 stems that show a high degree of epidermal twisting in comparison 
to wild type. 
3 Discrepancy between hypocotyl lengths and elongation rates might be caused by technical limitations of 
the hypocotyl elongation assays performed on excised hypocotyl segments allowing lateral auxin 
penetration into segments. 
 
 
 
 
 
 
Supporting Table 3: Summary of morphological and physiological parameters measured in this study. 
 
 
    hypocotyl     IAA transport     IAA content    
line   length 1   elongation  cellular      PAT     DR5      free IAA   
  leaf  root hypocotyl stem    hyp.  root   hypocotyl    stem 
 
twd1-3    ! !           !     !    !     nd    ! 2      !    +         nd                ! 2
  
HA-TWD1      ± 3          + + 3     ±    ±      ±    ±      ±    ±          ±        ± 
 
HA-TWD1-Ct    + +          + +     +              !      !              +      +    +          +        ! 
!
!
!
!
1
 Short day conditions. 
2 
Discrepancy between stem PAT and free IAA quantification might be caused by technical limitations during PAT measurements of twd1-3 stems that show a high degree of 
epidermal twisting in comparison to wild type. 
3 
Discrepancy between hypocotyl le gths and elongation r tes might b  caused by tech ical limitati ns of the hypocotyl elongation assays performed on excised hypocotyl 
segments allowing lateral auxin penetration into segments. 
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